Purpose: We present surgical techniques and operative results of laparoscopic reconstruction for patients with retrocaval ureter (RCU) and review similar papers. Materials and Methods: Ten patients with RCU were enrolled in this study from April 2005 to January 2017. The mean age of 7 males and 3 females was 40.5 years old. The chief complaint was flank pain in 6 patients; the remaining patients were detected incidentally. All patients showed hydronephrosis and typical S-shaped deformity of the ureter on imaging studies. Five patients showed obstructed patterns on the renal scans. Two surgeons performed laparoscopic ureteroureterostomies with transperitoneal approaches including excision of the compressed ureter. Double-J ureteral stents were inserted intraoperatively. The operative and follow-up results were checked and compared with published papers. Results: All laparoscopic reconstructions were successfully completed without conversion to open surgery. The mean operative time was 199.6 minutes. The estimated blood loss was 154.4 mL. No operative complications were encountered. There were no obstruction and symptom after the mean follow-up of 40.7 months. We found 7 papers from PubMed, which had more than five cases of laparoscopic reconstruction of RCU. We reviewed and summarized the clinical and operative parameters. Conclusions: Our results show that transperitoneal laparoscopic ureteroureterostomy with excision of the compressed ureter is a safe and effective treatment for RCU. Data from published papers and ours summarize clinical parameters of RCU, and suggest that the laparoscopic reconstruction can be considered as the standard treatment for it.
INTRODUCTION
Retrocaval ureter (RCU) is a rare congenital anomaly resulting from dysplasia of the inferior vena cava (IVC) [1] [2] [3] [4] . This anomaly has a segment of compressed and obstructed Transperitoneal laparoscopic ureteroureterostomy with excision of the compressed ureter for retrocaval ureter and review of literature Ill Young Seo 1 the compressed ureter of retrocaval segment, anteposition, and ureteroureteral or ureteropelvic anastomosis [1, 5] . This reconstructive operation is generally performed with open approach because it has technical difficulties including intracorporeal sutures. So far, this surgery is effec tive, but it is quite invasive, putting a lot of strain on the patient [6, 7] .
Recent advances in laparoscopic surgery in the area of urology have made possible new attempts at surgery in the entire urological field. In addition to the development of the surgical instruments and techniques has enabled sophisticated reconstructive surgery of the ureters and renal pelvis, with equivalent results compared to open surgery [8] [9] [10] . Laparoscopic reconstruction for RCU has also performed, showing less invasiveness and more cosmetic advantage compared to open surgery [11] . However, the number of papers published to date is not very large, just sporadic reports of single cases.
Herein, we present surgical techniques and operative results of laparoscopic reconstruction for 10 patients with RCU. All operations were performed with a transperitoneal approach. The compressed ureteral segment was excised and ureteroureterostomy was done. And we review the published papers of laparoscopic reconstruction of RCU in MEDLINE database, and analyze those results including ours. We summarize clinical parameters of RCU, and shows feasibility of the laparoscopic reconstruction.
MATERIALS AND METHODS
Ten patients with RCU were enrolled in this study f rom April 2005 to January 2017. The mean age of 7 males and 3 females was 40.5 years old (range, 16-66 years). The mean body mass index was 22.2 kg/m 2 (range,
. Their physical status of the American Society of Anesthesiologists score was 1 in 6 patients and 2 in 4 patients. The chief complaint was flank pain in 6 patients and lower abdominal pain in 1 patient; the remaining patients were detected incidentally. Four patients had microscopic hematuria. Only one patient had abdominal surgical history, laparoscopic hysterectomy. The mean serum creatinine level was 0.98 mg/dL (range, 0.7-1.3 mg/dL). There was no renal failure preoperatively.
All patients were evaluated with intravenous urography (IVU) or retrograde pyelography (RGP), abdominopelvic computed tomography, and 99mTc mercaptoacetyltriglycine (MAG-3) renal scan. The imaging studies showed rightsided hydronephrosis and typical S-shaped deformity of the ureter, coursing laterally to medially posterior to the IVC in all patients (Fig. 1A, B) . The hydronephrosis was revealed as one patient for grade 2/4, six for 3/4, and three for 4/4, respectively. All patient demonstrated type I of RCU, according to the classification scheme proposed by Bateson and Atkinson [12] . MAG-3 renal scan showed an obstructed pattern in 5 patients (T1/2 of more than 20 minutes).
Two surgeons performed laparoscopic reconstructions with transperitoneal approaches. All operations were ureter oureterostomy including excision of compressed and obstructed ureteral segment. A 0.038-inch guidewire was inserted preoperatively. Abdominal insufflation was created via a Veress needle and 4 trocars were inserted: an 11-mm trocar for a 30º camera on lateral border of umbilicus, two 11-mm trocars 2 cm below and 4 cm above umbilicus level on mid-clavicular line, a 5-mm trocar umbilicus level on anterior axillary line.
A standard transperitoneal laparoscopy was performed A B C with the retrocolic technique (Fig. 2) . Palpation of the indwelling guidewire helped to identify the course of the ureter. The surgical fields were retracted and widen using V-Loc TM absorbable barbed sutures (Covidien Medtronic, St.
Paul, MN, USA) between renal fascia and abdominal wall. The ureter was dissected and mobilized using an ultrasonic scissors (Sound Reach ® ; Reach Surgical Inc., Tianjin, China) behind the IVC. The ureter was divided at the most distal segment of the dilated proximal ureter and renal pelvis, and the compressed ureteral segment was excised. The redundant portion of the ureter and renal pelvis were trimmed. The ureter was repositioned anteriorly to the IVC. The inserted guide wire was identified, and the proximal end of the guidewire was pulled from the ureter, and then a double-J ureteral stent was inserted over the guidewire. Anastomosis between the distal ureter and proximal ureter was performed with interrupted 4-0 Vicryl sutures, which were placed from the posterior side to the anterior side. An anti-adhesive gel was applied around the anastomotic site and IVC. All pati ents had a Jackson-Pratt drain, which was removed postoperatively. The ureteral stent was removed 4 weeks after the surgery. All patients were followed-up with imaging studies including IVU and renal scan at 3 months and 6 months postoperatively. The clinical and operative results were checked and compared with published papers. We searched recently published papers using keywords of the 'retrocaval ureter', 'circumcaval ureter', or 'preureteral vena cava' from MEDLINE database. The PubMed searching engine was used.
This study was performed under the Institutional Review Board approval (WUHIRB No.: 2017-04-005).
RESULTS
All operations were successfully completed without conversion to open surgery in our study. The mean operative time was 199.6 minutes (range, 97-240 minutes). The estimated blood loss was 154.4 mL (range, 33-332 mL). No operative complications were encountered. The postoperative convalescence was uneventful. Patients were discharged home at the mean of 9.3 days (range, 6-14 days). The urinary Foley catheter and drain were removed before discharge. The mean follow-up period was 40.7 months (range, 6-66 months). Follow-up IVU revealed normal positon of the ureter and resolved hydronephrosis in all patients (Fig. 1C) . There was no obstruction on the renal scan, and the flank pains were also disappeared. The mean postoperative serum creatinine level was 0.88 mg/dL (range, 0.48-1.2 mg/dL). Pathology of the excised portion of the stenotic ureter of RCU showed signs of fibrosis and nonspecific inflammation.
We searched recently published papers about RCU from MEDLINE database, using the PubMed searching engine. Among these 393 papers, we chose 7 papers written in English, which had more than five cases of laparoscopic reconstruction (Table 1) [13] [14] [15] [16] [17] [18] [19] . Total 68 patients of the 8 papers including our study had undergone pure laparoscopy Laparoscopy for retrocaval ureter of RCU; 43 patients underwent in the retrope ritoneal approach and 25 patients underwent in the transperitoneal approach. The mean age at surgery was 34.0 years (range, 9-66 years). There were 50 males and 18 females, and male to female ratio was 2.8:1. Fifty-three patients (77.9%) had flank pain, and others were detected incidentally. The mean operative time was 128.4 minutes (range, 60-250 minutes). Those of the retroperitoneal approach was 103.3 minutes (range, 60-189 minutes), and transperitoneal approach was 171.6 minutes (range, 70-250 minutes), respectively. The estimated blood loss was minimal (less than 60 mL) in 7 papers, excepting our case in which the blood loss was larger than previous reports. There was no significant complication, except one case of the urinary leakage [14] . The mean hospital stay was 6.8 days (range, 3-14 days). After postoperative follow-up, all cases showed operative success.
DISCUSSION
RCU was first reported by Hochstetter in 1893 and is also known as circumcaval ureter or preureteral vena cava [1] [2] [3] [4] . It is a rare congenital anomaly result from dysplasia of the IVC. In more specific process, the posterior cardinal vein persists as a segment of the infrarenal vena cava during development, and it entraps a segment of the proximal ureter, resulting in the ureter wraps around the IVC. The incidence rate is approximately 1 in 1,000 or 1,500 autopsies, detecting in the third or fourth decade. It occurs three times more often in males than in females [1, 2] . Because of the pathogenesis, it usually occurs on the right side. Clinical presentations are originated from the ureteral obstruction [20, 21] . It may result in hydronephrosis due to the compressed ureteral segment, posterior to the IVC, that is adynamic or compression against the psoas muscle. Urinary infection, stone formation, and renal dysfunction may gradually appear. The symptoms include flank or abdominal pain and hematuria.
RCU have been classified into two types [12] . Type I, the more common form, is a low-loop of the proximal ureter. It shows a typical obstruction at the edge of the iliopsoas muscle, at which point the ureter deviates cephalad before passing behind the vena cava. It leads a proximal ureteral dilation and hydronephrosis, demonstrating a fishhook, revere-J, or S-shaped ureteral curve. Type II, the rarer form, is a high-loop of the ureteropelvic junction. The upper ureter is not kinked but passes behind the vena cava at a higher level, with the renal pelvis and upper ureter lying almost horizontal before encircling the vena cava. It has a lesser degree of hydronephrosis or none, demonstrating a sickle- RP, retroperitoneal laparoscopic; TP, transperitoneal laparoscopic.
shaped smooth curve. IVU, RGP, and CT are commonly used to diagnose RCU [22, 23] . Nuclear renal scan is also suggested to evaluate degree of the obstruction and renal function. The clinical parameters features of RCU from 8 papers, including our study, are very similar to those published previously [13] [14] [15] [16] [17] [18] [19] . The mean age at surgery was 34.0 years, and male to female ratio was 2.8:1. All patients had hydronephrosis and 77.9% of the patients had flank pain. All cases were occurred in right side as type I, which was clearly diagnosed with imaging studies. If the patient is symptomatic or hydronephrosis develops on imaging study, treatment is needed [22, 23] . Asymptomatic and unobstructed RCU does not necessarily need immediate surgery [24] . It can be observed carefully. Pyeloplasty and ureteroureterostomy are accepted treatment modalities. Although open surgery remained the gold standard approach for many years, laparoscopy has been established.
The first laparoscopic reconstruction of RCU was performed in 1994 by Baba et al. [25] . They performed dismembered pyeloplasty through 5 ports in 9.3 hours, including 2.5 hours for intracorporeal suturing. Matsuda et al. [26] performed laparoscopic ureteroureterostomy in 7.5 hours using 5 laparoscopic ports. Ishitoya et al. [27] attempted to repair RCU laparoscopically but converted the procedure to open surgery when it became prolonged, largely due to difficulty with intracorporeal suture placement. Polascik and Chen [28] reported a case of laparoscopic ureteroureterostomy for a RCU. The operative time including stent placement at the conclusion of the procedure, was 3 hours 45 minutes. Convalescence was unremarkable. These initial reports indicated feasibility of laparoscopy of RCU. They showed that separation of the ureter from the vena cava was not technically difficult, even though it requires an extensive dissection of the IVC. However, the most difficult and time-consuming aspect of laparoscopic surgery was anastomotic sutures.
As the technology of laparoscopy develops, laparoscopic surgery has almost replaced open surgery over the time and provided minimal invasiveness [22] . In this study, we presented relatively large series of laparoscopic reconstruction of RCU. We also reviewed distinguishing papers, which had relatively large cases of RCU [13] [14] [15] [16] [17] [18] [19] . Recently published papers, including our data, showed better results. The operative time was significantly reduced to 128.4 minutes, with acceptable hospital stay and high operative success rate. There was no significant complication, except one case of the urinary leakage for postoperative 8 days [14] . It might be due to the unskilled intracorporeal suturing.
There are several factors af f ect the laparoscopic reconstruction. The first is the laparoscopic approach. The laparoscopic technique has two approaches, retroperitoneal or transperitoneal. These two methods can be used, and the published papers also depend on operator preference. We selected transperitoneal approach because it provides large operative field with excellent view. However it takes longer operative time to manipulate bowels. The second is whether or not to excise the obstructed ureteral segment. Liu et al. [13] reserved the retrocaval segment of the ureter in 6 cases and excised in the other 3 cases. There was no different in the operative results. We excised the compressed retrocaval segment of the ureter. Because the residual ureter causes the entire ureter to become too long to make a redundant portion, and the urine is likely to consume a lot of time from the kidney to the bladder. However there is no comparative study about it.
The third is whether to insert a ureteral double-J stent, and how to insert it. It was inserted in most of the papers, and we also did it. But this process is time-consuming and sometimes requires a lot of patience for the operator. Therefore the insertion of the ureteral stent can only be determined by the operator depending on the surgical situation. We inserted a double-J ureteral stent in all cases. To decrease operative time, we inserted a guidewire into the ureter preoperatively, and the stent was inserted over the wire intraoperatively. Because of the inserted guide wire, the ureter was easily found during the operation, and the double-J stent was easily inserted.
The fourth is the anastomosis method of the ureter to ureter or ureter to renal pelvis. This procedure is the technically challenging part because it is the most difficult and time consuming. To facilitate this process, Mugiya et al. [29] used an automatic suturing device to reduce the duration and difficulty of the operation. And, Gundeti et al. [30] started a robot-assisted laparoscopic correction of RCU to do it comfortably. We performed traction sutures using V-Loc TM barbed sutures in order to shorten the operation time and secure the surgical field. Anastomosis between the distal ureter and proximal ureter was performed with interrupted absorbable sutures. An anastomotic stenosis may occur if continuous sutures are performed anteriorly.
CONCLUSIONS
Although there are not many cases of RCU in our study, we implemented our novel technique of laparoscopic reconstruction. Our results show that transperitoneal laparoscopic ureteroureterostomy with excision of the compressed ureter is a safe and effective treatment as like the results of other papers. Although RCU is a rare disease, if we collect more
